10:4/ 



WOfcUD INTELLECTUAL PftOPGRTY ORGANIZATION 
TnffT-^^* 1 Bureau 




PCT 

INTERN ATIONA L APPLIC ATION PU BLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(11) Lateraatkmal Publication Nambcri WO 95/00655 

(43) foternatsoaal Publication Date: 5 January 1995 (05.01 .95) 



(51) Ipternatioaal Pa cent Oaasrficabou 5 : 
C12N 15/86, 15/00, A61K 4S700 



Al 



(21) International Application Number! PCT/CA94/0036* 

(22) International FUlnc Date: 24 June 1994 (24A&94) 



(30) Priori*? Data: 
08/080.727 
08/2503&S 



24 June 1993 (24.06.93) US 
31May 1994CUA5J94) US 



(71) Applicant: MC MASTER UNIVERSITY (CA/CAJ; 1200 Main 
Street West. Hamilton, Ontario UN 3Z5 (CA). 

(72) Invcntorst GRAHAM, Frank. L: 34 Amelia Stmt Hamilton. 
Oacario UP 2 V4 (CA). BETT, Andrew; 1-3 Sterling Street. 
Hamilton, Ontario US 4H6 (CA). PREVEK. Lndvite 944 
laSalle Park Road, Burlington. Ontario L7T IM9 (CA). 
KaDDaRA. Wad; Unii H708. 644 Main Street We* 
Hamilzon, Ontario US lAl (CA). 

(74) Agents: MORROW, Joy, D- et al.; Smart * Bfefiar. 900 - 55 
Metcalfe Street. P-O. Box 2999, Station D, Ottawa, Ontario 
KIP 5Y6 (CA). 



(ftl) DaaisaatMl States? AM AT. AU. BB. BO. BR. BY. CA. CH. 
oTcz/DE. DK. ES, FL OB, GE, HU. JP. KE. KG, KP. 
KR- KZ. 11C. LU. LV, MD. MG. MM. MW. NU NO. NZ. 
PU PT. RO. RU. SD. SE, SI, SK. TJ. TT, UA. UZ. VN. 
European patent (AT. BE. CH. DE. DK. ES, FR. OB, GR. 
TJE, IT, LU. MC NL, PT. SE). OaPI patent (BP, BJ. CF, 
CG. CX CM, OA, GN. ML* MR, NE. SN, TD. TO). 



Published 

With unemotional search report. 

Before the expiration 0/ the time limit for amending the 
claims and to be republished in the event ef the receipt 0/ 



(54) Title: ADENOVIRUS VECTORS FOR GENE THERAPY 

(57) Abstract 

Tbe invention comprise* a scries of adenova^besed vectors bavin* deletions in the El and/or E3 ^f^^J^^ ?f^f 
of pBR322 sequences, which can be used to deliver nucleic acid intern into boat cells, asaucs or organisms ih-t then can e^rc*a tte tnjctr. 
The in ven tion aiao comprises the use of these vectors m feo*ducing sen** into celU. in making vaccines and tn tone therapy. 



12124200266. 



AM TBE PURPOSES OF INFORMATION ONLY 

Codes u**d to identify Sana p«rty to Che PCT oc from pa*cs of pamphlca publfetog frrrmarion*! 
applicatiooa un4*f riM PCT- 



AT 




AO 


AlOTil» 


•ft 
ftS 




W 




ftO 






Bute 


ftfc 




ftV 


Beta 


CA 


Cant* 


Cf 


Caxni Aftfcta 


CG 




CH 

a 




CM 

CH 


CkkM 


CI 




a 




M 




K 




ES 




n 




rm 

GA 


Gftfaoo 



G» 

GC 
GM 
OS 
TO 




MW 

HE 
HL 

HO Hor-iy 
HZ 



tr Nr ^ 

JF 

KG Kniim- 



rr 
so 

ED 

8» 



Stow** 

SN 



ICR l^ikoTKM ^ 
KZ 
(J 

IX fciLuto 

UJ Uwta, 

LV t««U ^ 

MC Moub» 

MD U**d*ca(H*k~* 

ML M* UX 0- 

MM " 11 - VN Vic 



TD 

TG T«go 



WO 95/00655 



til3232*44U- 1212425526a;* 5 

W PCT/CAMAM364 



1 



10 



15 



20 



ADENOVIRUS VECTORS FOR GENE THERAPY 

This application claims priority from the 
following two applications: (l> U.S. Application Serial 
No. 08/080,727 filed June 24. x 993 , entitled ADENOVIRUS 
VECTORS for gene therapy; and (2) its continuation-in- 
part U.S. Application Serial No. .08/250.885. filed on May 
31. 1994, entitled ADENOVIRUS VECTORS FOR GENE THERAPY 
These applications are hereby incorporated by reference. 

FIELD OP THE INVENTION 

This invention relates to adenovirus (Ad) 
vectors that are useful for enhanced expression of 
selected nucleic acids in infected, transfected or 
transformed cells, especially eukaryotic mammalian cells. 
This invention also generally relates to the treatment of 
diseased states by using genetically engineered vectors 
that encode therapeutic substances useful as vaccines and 
for gene therapy. 



BACKGROUND 



Adenoviruses (Ads) are a relatively well 
characterized, homogeneous group of viruses. Roughly ioc 
different adenoviruses, including nearly so serotypes 
isolated from humans, have been identified to date. 

Most common serotypes of Ads are nonpathogenic, 
Physically and genetically stable, can be grown to very 
high titres (concentrated stocks with lOW-io 12 PPO/ml of 
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infectious virus are easy to obtain) and easily purified 
by isopycnic centrifugation in CsCl gradients. The Ad 
genome is readily manipulated by recombinant DNA 
techniques, and the proteins encoded by foreign DNA 
inserts that are expressed in mammalian cells will 
usually be appropriately glycosylated or phosphorylated. 
unlike recombinant proteins expressed in bacteria, yeast, 
and some insect cells. Although human Ads replicate 
most efficiently in human cells of epithelial origin, 
chese viruses infect almost any mammalian cell and 
express at least some viral genes. Unlike retroviruses. 
Ads will infect, and are expressed in, nonrepli eating 
cells. Thus. Ad-based vectors may be useful for gene 
delivery, expression, and gene cherapy. 

Ad vectors have been constructed by ligation or 
recombination of viral DNA with subgenomic viral 
sequences contained in bacterial plasmids. Berkner, K.L. 
and Sharp, P.A.. 1983, Nucleic Acids R*s. 11: 6003-6020; 
Haj-Ahmad. Y. and Graham. F.L.. 1986. J. Virol. 57: 267- 
274; Stow, N.D.. 1981. J- Virol. 37: 171-180. This 
approach has several drawbacks, which include the time 
and technical difficultly required to produce viral DNA. 
the background of infectious parental virus which makes 
screening more labor intensive and. in the case of direct 
25 ligation— the -i-imit-ed-availability_of _useto 
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sites due to the relatively large size of the adenovirus 
genome . 

Another strategy has been to recombine two 
plasmids which together contain sequences comprising the 
entire Ad genome. A number of conditionally defective 
plasraid systems have been developed making the 
construction of vectors simpler and reducing the number 
of subsequent analyses required to identify recombinant 
viruses. McGrory, W.J., Bautista. D.S. and Graham, P.L., 
35 1988, Virol. 163: 614-617; Ghosh- Choudhury, G., Haj- 
Ahmad, Y. , Brinkley. P., Rudy, J. and Graham, F.L., 1986, 
Gene 50: 161-171; Mittal, S.K., McDermott, M.R. Johnson. 
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D.C, Prevec, L. and Graham, F.L. , 1993. Virus Res. 28: 
67-90. 

The representative Adenovirus 5 ("Ad5") genome 
used in embodiments of the present invention is a 36kb 
linear duplex, its sequence has been published 
(Chroboczek, J., Bieber. p.. and Jacroc, B.. 1992, The 
Sequence of the Genome of Adenovirus Type 5 and Its 
Comparison with the Genome of Adenovirus Type 2. Virol. 
186: 280-285; hereby incorporated by reference)! The AdS 
genome contains a 100-150 base pair (bp) inverted 
terminal repeat (-itr«) at each end of the linearized 
genome. A terminal protein (-TP") of 55,000 daltons is 
covalently linked to the 5' end of each strand. Both the 
TP and the ITRs are thought to play a role in viral DNA 
IS replication. McGrory, W. J. et al., 1988, Virol . 163 s 
614-617 and Ghosh-Choudhury, G. et al., i 98 6. Gene 50: 
161-171.) Ads has infected each human cell line tested, 
although some cells, such as lymphocytes, are relatively 
nonpezmissive . 

20 Pour noncontiguous regions of the AdS genome 

are transcribed early in infection, prior to DMA 
replication. These regions are early region 1 (El) 
(about 1.3-11.2 mu of or about position 198-4025 bp of a 
standardized genome, inclusive of the E1A enhancer 
2S region; Sussenbach, J. S., i 98 4. in Ginsburg (Ed.), the 
AASNoviKusre, Plenum Press, pp. 35-124) which is further 
divided into subregious ElA and ElB; early region 2 (E2) , 
which encodes the Did replicative functions of the virus- 
early region 3 (E3) (about 75.9-86.0 mU, or about 27,275- 
30 30,904 bp; Cladaras, C. and Wold, W.S.M., 1985, Virol. 
140: 28-43; and early region 4 (B4) . ElA is involved in 
turning on the other early regions and in regulating a 
number of host cell functions. ElB and E4 are primarily 
involved in shutting off the host cell's protein 
35 synthesis. E3 regulates the host cell's immune response 
to virus infection. Some of these early genes function 
to -turn on- later- expressed genes that are needed to 
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replicate the genome and form viable viral particles. 

The Ad virion has the ability to package up to 
105-106% of the wild type genome length. Beet, A, J., 
Prevec, L. , and Graham, F.I*., 1993, Packaging Capacity 
5 and Stability of Human Adenovirus Type 5 Vectors, J. 

Virol. 67; 5911-5921. Larger genomes (e.g., 108% of the 
wild type in size) , result in instability of the virus 
and poor growth rates. Id. This packaging ability 
allows the insertion of only approximately l.B-2.0 kb of 

10 excess DNA into the Ad genome. 

To package larger inserts, it is necessary to 
first delete portions of the viral genome. Parts of 
region El can be deleted, and the resulting viruses can 
be propagated in human 293 cells. (293 cells contain and 

15 express El, complementing viral mutants that are 

defective in El,) Foreign nucleic acids can be inserted 
in place of El, in AdS genomes that contain El deletions 
of up to 2.9 kb, to yield conditional helper- independent 
vectors with a capacity for inserts of 4.7-4*9 kb. 

20 viruses with a region E3 deletion can a_Lso 

replicate in cultured human cells such as HeLa or KB and 
infect a p<* be expressed in animals including humans. A 
deletion of a 3-0 kb E3 sequence has been reported, 
without a concomitant insertion. Ranheim, T.S-, Shisler, 

25 — ~J. , Horton7~T.M. , W61d7~~LTJ .""Gooding, LTR7^~ahd~WoTd7 
W.S.M. , 1993, J. Virol. 67: 2159-2167. 

Among the methods developed to date there is no 
simple procedure for generating vectors tbat utilize both 
El and E3 deletions- In addition, the vectors that do 

30 utilize either El or E3 deletions can accomodate only 

relatively small inserts. To simplify the production and 
use of Ad vectors that can tolerate larger fragments, we 
have developed a new methodology based on a series of 
bacterial plasraids that contain most of an Ad viral 

35 genome. 
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SUMMARY OF THE INVENTION 

It is a goal of this invention to provide 
simple, flexible, efficient, high capacity Ad S cloning 
and expression vectors. Accordingly, a new vector system 
has been developed which comprises expanded deletions in 
both El and E3 and further combines them in a single 
vector system that can tolerate inserts of up to 8000 bp 
of inserts, enough to accommodate the majority of protein 
coding genes along with control elements to regulate 
expression. The invention provides the option of cloning 
foreign nucleic acids into either or both of the El or E3 
regions and promises to be the most versatile and easy to 
use technology yet developed. In addition, a 
modification of the system permits construction of 
viruses carrying a wild type E3 region, and insertions, 
substitutions, or mutations in the El region. 

One embodiment of the present invention 
provides a bacterial plasmid comprising a circularised 
modified human adenovirus type 5 (Ad5) genome. The 
nucleotide sequence of the plasmid has a deletion within 
early region 3 (E3) of said Ad5 genome, and a segment of 
bacterially replicable pBR322 plasmid encoding ampicillin 
resistance substituted for a sequence of early region ia 
(B1A) that corresponds, in whole or in part, to the 
packaging signal. 

Another embodiment provides a bacterial plasmid 
comprising approximately 340 base pairs from the left end 
of the adenovirus type 5 genome, the left end inverted 
terminal repeat sequences of said genome and the 
packaging signal sequences thereof, said plasmid 
comprising also a eufcaryotic gene sequence of up to about 
8 kilobases foreign to said plasmid and to said viral 
genome. The adenovirus sequence from approximately 
nucleotide position 3540 thereof to approximately 
position 5790 thereof is present on the right side of 
said foreign sequence. 
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Other embodiments of the present invention 
include adenovirus genome constructs containing El 
deletions and foreign inserts of eukaryotic origin, using 
any combination of size of £1 deletion and/or of size of 
5 foreign insert that can be accommodated in the plasmid 

and still remain operable* Because of the large capacity 
of the vectors provided herein, multiple inserts of 
foreign genes can be placed in the Hi cloning site. For 
example, two or more genes encoding different antigens, 

10 or genes encoding useful proteins, can be combined with 
genes encoding chemically selectable markers. 

One specific embodiment of the invention t the 
plasmid pBHGlO , may be used to insert foreign genes into 
either the £3 or El region of the Ad5 genome. Genes 

15 inserted into E3 can be combined with a variety of 

mutations , deletions, or insertions in El by appropriate 
choice of the cotransfected plasmid containing left end 
(El ) sequences . 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig- 1 is a diagrammatic representation of the 
structure and construction of the vector pBHGlO. 

rig* 2 is a diagrammatic representation of the 
25 structure _ ajod~coxistruction~of~the"vector~pBHG3^ 

ri<r- 3 is a diagrammatic representation of 
rescue using pBHG vectors. 

Fig. * is a diagrammatic representation of the 
structure and construction of a 3.2 kb El deletion, and 
30 two examples (pAElsplA and pAElsplB) of plasmids that 
contain said deletion. 

Fig* s illustrates the different levels of 
protein IX synthesized using plasmids having different El 
deletions with or without a reintroduced Sspl site. 
35 Pig. 6 illustrates heat stability of viruses 

with the 3.2 kb El deletion with or without a 
reintroduced Sspl site. 
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Piq - 7 illustrates the construction and rescue 
or a 7.0 kb insert using pBGHlO. 

8 depicts the strategy for the 
construction of a double recombinant containing lacZ in 
the E3 deletion and firefly luciferase in the El 
deletion. 

Pia^_9 i S a diagrammatic representation of the 
plasmids pABS.6, pABS.7, and pABS.9. 

Ziq ' 10 is a diagrammatic represencation of the 
shuttle plasmids pHCMVspiA. pHCMVspiB. pHCMVspic. and 
pHCMVsplD. 
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DETXII*BD DESCRIPTION OF THE INVENTION 

The recombinant: Ad vectors provided herein are 
significantly different from previously reported 
5 constructs partly because they contain the largest 

possible deletion of El sequences (within 30-40 bp) that 
can be made while still allowing the generation of viable 
viral recombinants • Surprisingly/ the different genetic 
elements described herein, when combined, produced a 

10 stable construct useful in introducing and expressing 
foreign nucleic acids in host cells. 

At the onset of these experiments, it was 
unknown how large a deletion could be, or where it could 
be placed, without affecting the growth, production and 

15 infectivity of packaged virions. *or viral viability and 
maximum packaging capacity, deletions in the El region 
preferably should not affect the left inverted terminal 
repeat (ITR; 1-103 bp) or packaging signals (194-358 bp) - 
Hearing, P. and Shenk, T,, 1983, Cell. 33s 695-703; 

20 Grable, M. and Hearing, P., 1992, J . Virol. 64: 2047- 

2056. In addition, because the only currently available 
£1 complementing cell line (293 cells) does not express 
protein IX, deletions should not extend into the coding 
sequences for this polypeptide. (Although viral deletion 

"25 muXMts~Ia^~^ 

it appears that the protein is essential for packaging of 

full length genomes into functional virus.) 

In the pBHG plasmid embodiments of the 
invention, the pBR.322 sequences substitute for AdS 
30 sequences from position 188 to 1339, which include the 
packaging signal, ElA enhancer, promoter and most of the 
E1A protein coding sequences. The pBR322 insert not only 
contains an anqpicillin resistance, but allows allows the 
pBHG family of vectors to be replicated in cells wherein 
35 pBR322 may be replicated. 

Some embodiments of the invention herein 
contain a deletion of the El region between an Ssp I site 
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at 339 bp and an Afl site at 3533 bp. Since the Sspl 
site may be essential for protein ix expression, it was 
reintroduced as a synthetic oligonucleotide which 
positioned the Sspl site closer to the protein ix TATA 
box than is the case in the wild type (wt) protein IX 
gene . 



Definitions 



35 



All technical and scientific terms used herein 
-less otherwise defined, axe generally intended to We' 
the same meaning as commonly understood by one of 
ordinary skill in the art. A number of the terms used 
herein are not intended to be limiting, even though 
common usage might suggest otherwise. For example, the 
term -expression of- or -expressing- a foreign nucleic 

rtll'J ° r ^ 18 Ufl6d encompass the 

repl.cacxon of a nucleic acid, the transcripciou of DNA 
and/or the translation of hha into protein, in cells It 
in cell -free systems such as wheat germ or rabbit 
reticulocytes; and -nucleic acid- is used interchangeably 
wxth gene. cDNAb, ^ or other oligoaucleotides ^ Y 

IIT^JT Pr ° dUCta - ™* te ™ foreign- indicates that 
the nucleic acid is not found in nature identically 

tna^r W T ^ S3ffie VeCt ° r ~ h °- -11. but rather 
that the precise association between said nucleic acid 
and the vector or host cell is created by genetic 

T^T 9 \ *" tetaS " reCOnbiaaat " ^ "recombination- 
geaerally refer to rearrangements of genetic material 
that are contemplated by the inventors, and that are the 
result of experimental manipulation. 

-Vector- denotes a genetically engineered nucleic 
acid construct capable of being modified by genetic 

2T^V edimi ^ 3 t0 inCOrpQrate — foreign 
nucleic acid sequence, which may be used as a means to 

introduce said sequence in a host cell, replicate it. 
clone it. and/or express said nucleic acid sequence. 

SUBSTITUTE SHEET (RULE 26) 
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wherein said vector comprises all the necessary sequence 
information to enable the vector to be replicated in host 
cells, and/or to enable the nucleic acid sequence to be 
expressed, and/or to enable recombination to take place , 
5 and/or to enable the vector to be packaged in viral 

particles. This recitation of the properties of a vector 
is not meant to be exhaustive. 

Vectors, optionally containing a foreign 
nucleic acid, may be " introduced * into a host cell, 

10 tissue or organism in accordance with known techniques, 
such as transformation, transfection using calcium 
phosphate -precipitated DNA, elect roporat ion, gene guns, 
transfection with a recombinant virus or phagemid, 
infection with an infective viral particle, injection 

15 into tissues or microinjection of the DMA. into cells or 
the like. Both prokaryotic and eukaryotic hosts may be 
employed, which may include bacteria, yeast, plants and 
animals, including human cells. 

A vector "supports the expression of coding 

2 0 sequences contained by the vector" when it serves as a 
vehicle for the introduction of a gene into a host cell, 
when sequences present in the vector enable the vector 
and the coding regions that it contains to be replicated 
and to be maintained in a cell without being degraded, 
~25 and when sequences pr^s^t~in~tl^^vectoir m enabTe _ the 
coding sequences to be transcribed, recombined, or 
integrated into the host cell genome. 

Once a given structural gene, cDNA or open 
reading frame has been introduced into the appropriate 

30 host, the host may be grown to express said structural 
gene, cDNA or open reading frame. Where the exogenous 
nucleic acid is to be expressed in a host which does not 
recognize the nucleic acid's naturally occurring 
transcriptional and translational regulatory regions , a 

35 variety of transcriptional regulatory regions may be 

inserted upstream or downstream from the coding region, 
some of which are externally inducible. Illustrative 
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lT^cr P , / e9Ulat:0ry regi °° 9 ° r ters for use 

in bacteria -elude the P - ga i promoter, laznbda left and 

^ t Pr0m ° CerS ' «*p-l« fusion 

promoter, and also the bacteriophage lambda P L promoter 

' C«S7 ZZT^ baCCSriOPhage * and the 

CI8S7 temperature-sensitive repressor, for example, to 
provide for temperature sensitive expression^a 

cL™T al t 9ene *. ReffUlatio » <* the promoter is achieved 
through xateraction between the repressor and the 

TZIT' ^ ye&St ' lllus ^ive transcriptional 

^! t0ry re9i0ns « Promoters include glycolytic enzyme 
P-moters. such as ADH-x and -ix promoters. OP^omcte^ 
and PCX promoter, top promoter, etc.; for use in 
mammalian cellg transcriptional control elements include 
SV40 early and late promoters, adenovirus major late 
Promoters, etc. other regulatory sequences useful in 
eucaryotxc cells can include, for example, the 

Tn!Z^ OVirUS e0hanCer SegUeilCe ' Whi <* be fused to 
chCTc" 9egUeDCe 8UCh ^ ^ "™ Promoter to form a 
chimeric promoter, or can be inserted elsewhere in the 
expression vehicle, preferably in close proximity to the 
Promoter sequence. Where the promoter is indole 

tZe" T* COnditl ° aS ^ *• ^oyed (for example, 
temperature change, exhaustion, or excess ofTLtabolic 
product or nutrient, or the like) . "ecabolic 

When desired, expression of structural genes 
can be amplified by, f or example, lifting in tandeTa 
nuclexc acid for a dominant amiable genetic marker s< 
or 3 to the structural gene and growing the host cells 
under selective conditions. An example of an amplifiable 
nucleic acid is the gene for dihydrofolate reductase 
~pressxon of which may be increased in cells rendered 
resxstant to methotrexate, a folate antagonist. 

The expression vehicles used or provided herein 

2111 ^ Wlthia & r6PliCati0a ~ epis-T 

2? TT C * " ™ aPpr °^ ia " host, they .nay be 

provxded without a repl icatlon or they J y ^ 
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integrated into the host genome. 

While a wide variety of host cells are 
contemplated, certain embodiments require that the host 
cell express El sequences that are missing from or 
5 inactivated in the vector. While the human 293 cell line 
is the preferred host cell, the invention also 
contemplates other cell lines capable of complementing 
, the vector having an El deletion. "Complementing" or 
"complemented by" denotes that the host cell line encodes 

10 and/or expresses functions that axe necessary for 

generating viable viral particles that are missing from 
or have been inactivated in the vector. 

It is important to recognize that the present 
invention is not limited to the use of such cells as are 

15 used herein. Cells from different species (human, mouse, 
etc.) or different tissues (breast epithelium, colon, 
neuronal tissue, lymphocytes, etc.) may also be used. 

•Modification" of a nucleic acid includes all 
molecular alterations of a nucleic acid sequence that 

20 change its capacity to perform a stated function, 

specifically including deletions, insertions, chemical 
modifications, and the like. Insertions and deletions 
may be made in a number of ways known to those skilled in 
the art. including enzymatically cutting the full length 
~2S — sequence - follow 

fragments, or by site- directed mutagenesis, especially by 
loop- out mutagenesis of the kind described by Kramer et 
al., 1984, Nad. Acids Res. 12: 9441-9456. 

"Fragment" refers to an isolated nucleic acid 

30 derived from a reference sequence by excising or deleting 
one or more nucleotides at any position of the reference 
sequence using known recombinant techniques, or by 
inserting a predetermined nucleotide or sequence of 
nucleotides at amy predetermined position within the 

35 reference sequence using known recombinant techniques, or 
by substituting a predetermined nucleotide or sequence of 
nucleotides for a predetermined nucleotide or sequence of 
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nucleotides within the reference sequence using known 
recombinant techniques. i t ± B not intended that the 

invention be limited to the use of nucleic acid sequences 
from any particular species or genus, but that this 
invention can be carried out using nucleic acids from a 
variety of sources. It is contemplated that any nucleic 
acid from any source may be inserted into the vector, 
with or without control elements. 

•Gene therapy" comprises the correction of 
genetic defects as well as the delivery and expression of 
selected nucleic acids in a short term treatment of a 
disease or pathological condition. 

Reference to particular buffers, media, 
reagents, cells, culture conditions and the like, or to 
some subclass of same, is not intended, to be limiting, 
but should be read to include all EUC h related materials 
that one of ordinary skill in the art would recognize as 
being of interest or value in the particular context in 
which that discussion is presented. For example, it is 
often possible to substitute one buffer system or culture 
medium for another, etc., such that a different but known 
way is used to achieve the same goals as those to which 
the use of a suggested method, material or composition is 
directed. 

The present invention is not limited to the use 
of all of the described discoveries or embodiments 
explicitly described herein. Although combining them may 
indeed be preferred, it is not necessary to the invention 
that all aspects be used simultaneously. 

The isolated nucleic acids of this invention 
can be used to generate modified polypeptides, each 
having at least one characteristic of the native 
Polypeptide. These include subfragments, deletion 
mutants, processing mutants, or substitution mutants, 
polypeptides having the same secondary structure as the 
binding region of the native polypeptide, and 
combinations thereof. Such modified polypeptides may 
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carry the functionality of the "wild type" peptide, or 
may have a modified or externally regulatable 
functionality. Such modified polypeptides may have 
considerable utility in the present invention, as would 
be appreciated by those skilled in the art . 

"Wild type*, mutant and analogous polypeptides 
and compositions thereof may be used for making 
antibodies, which may find use in analyzing results of 
the assays described as part of this invention. The 
antibodies may be prepared in conventional ways, either 
by using the subject polypeptide as an immunogen and 
injecting the polypeptide into a mammalian host, e,9, , 
mouse, cow, goat, sheep, rabbit, etc., particularly with 
an adjuvant, e.g. , complete Rreund's adjuvant, aluminum 
hydroxide gel, or the like. The host may then be bled 
and the blood employed for isolation of polyclonal 
antibodies, or the peripheral blood lymphocytes (B- cells) 
may be fused with an appropriate myeloma cell to produce 
an immortalized cell line that secretes monoclonal 
antibodies specific for the subject compounds. 

All publications mentioned herein are 
Incorporated by reference. 

Enzymes , Cells and viruses 

25 Enzymes used - for r^OTa^inant^DNArmajiipulat ions 

were purchased from Boehringer-Mannheim, Inc. (Laval, 
Quebec, Canada) , New England Biolabs (Beverly, MA) or 
Bethesda Research Laboratories (Burlington , Ontario, 
Canada) and used according to the supplier's 

30 recommendations. Plasmids were constructed using 

standard protocols. Sambrook, J., E. F. Fritsch, and T. 
Maniatis, 1989, Molecular Cloning: a Laboratory manual, 2nd 
Ed. , Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y. Electroporation was used to transform E. coli 

35 strain DHS <supE44 hsdR17 recAl endAl gyrA96 thi-1 relAl) 
with newly constructed plasmids. Dower, W. J., J- F. 
Miller, and C. W. Ragsdale, 1988, High efficiency 
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transformation of E. coll by high voltage 
electroporation. Nucleic Acids *es. i 6: 6127- ens 

nurTT^T r 9 PreparSd * the alpine lysis method and 
purified toy CsCl-Ethidium Bromide density gradienc 
centrifugation. Birnboim, H.C., and J. Doly, 1978 a 
rapid alkaline extraction procedure for screening ' 
recombinant plasmid DNA, Nucleic Acid* lies. 7: 1513-1 S2 3 

Cell culture media and reagents were obtained * 
from G1BC0 Laboratories (Grand Island, NY) . Adenovirus 
(Ad, vectors were tittered and passaged on 293 cells 
which constitutively express the left 11* of the AdS 
genome, comprising the El region. Graham, p. L j 
Smiley, w. C. Russell, and R. Nairn, 1977 
Characteristics of a human cell line transformed by DNA 
from human adenovirus cype 5, Gen. viral. 36: 59-72 
The 293 cells were grown in monolayer in P-n minimum * 
essential medium supplemented with 100 units 
penicillin/ml. 100 „g streptomycin/ml. 2.S »g 
amphotericin/ml and with 10% newborn calf serum for cell 
maintenance or S% horse serum for virus infection. KB 

t ! * rOWn ia Spinaer cultue * were stained in 
Joklik's Edified medium supplemented with antibiotics as 
above and with 10% horse serum. 



10 



15 



20 



25 



30 



tQ a „ • StSP SrOWth CUrveB cei ls were grown 

to a densxty of 2*10* cells/ml, centrifuged, and 

resuspended in i/ioth the volume of original medium and • 
virus was added (20 PFO/cell) and allowed to adsorb for 1 
h at 37-C with shaking. The cells were then returned to 
the original volume using 50% fresh and 50% original 
medium. At various times post- infection 4 ml aliguots 
were taken, 0.5 ml of glycerol added, and the samples 
were stored at -70-C for assays of infectious virus by 
plaque titration. 
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Construction and growth of recombinant viruses 
Recombinant viruses were isolated by 
cotransf eccion of 293 cells with appropriate plasmids. 
Graham. F. and A. J. Van der Eb, 1973, A new 

5 technique for the assay of infectivity of human 

adenovirus 5 DNA, Virol., S2: 456-467- After 8-10 days 
plagues were isolated , expanded and viral DNA analyzed by 
restriction enzyme digestion as described previously. 
Graham, F.L. and L. Prevec, 1991, Manipulation of 
10 Adenovirus Vectors, in E.J. Murry <ed.) methods in 

MOLECUIAR BIOLOGY, Vol . 7: GENE TRANSFER AND EXPRESSION PROTOCOLS, 

The Humana Press Inc., Clifton, N.J., p- 109-128- 
Candidate viruses were then plaque purified once and, for 
stability studies, vectors were passaged starting with 

15 medium from cells infected for viral DNA analysis after 
the first plaque purification- Semiconf luenc monolayers 
of 293 cells in 60 mm dishes were infected with 0-5 ml of 
medium from each previous passage (approximately 40 
PFU/cell) , virus was allowed to adsorb for one half hour 

20 and then medium was replaced* Cells and medium were 

harvested when cytopathic effect was complete, usually 
within 2-3 days postinfection. 

labelling and extraction of viral DNA 

25 ^Semiconf luent" monolayers of 293 — cells "inT 6 0 mm 

dishes were infected with virus from passages to be 
analyzed and at 24 h postinfection, medium was removed 
and replaced with 1 ml of phosphate- free 199 medium 
containing 5V horse serum and 25 uCi/ml of 32 P- 

30 orthophosphoric acid (purchased from DuPont de Nemours & 
Co., Inc., Wilmington, DE) . After incubating the 
infected cells for a further 6 h, the cells were 
harvested and DNA was extracted. Viral DNA was then 
digested with appropriate restriction enzymes, 

35 electrophoresed through 1% agarose gels and the gels were 
dried and DNA bands visualized by autoradiography- 
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*»*pl. as G«*«r*tioa of the plasaid pjaiGio 

Adenovirus carry a cis -acting G ^ ce in the 
Region whi= h is essential for encapsidation of viral 

5 ~ £ 3sb r. ^ Cl8 ' aCti ^ seated from 

V - ! P in iS deleted ' Viral cannot be 

packaged but would still be expected to replicate their 
DN* x» transfected cells. This, the fact that Ad DNA can 
circularise in infected cells, and that the 

' ove'rSo^r 11 " anroaliaa ***** of ^ Plasxnids with 

gloI S aeqU T SS ^ ia£ectio - virus with 

good efficiency, led us to conceive the strategy 
described below. 

t ^ £irSt StfiP construction of 

^r 1 : " V±rUS Wh±Ch — ^ the entire AdS genome 
with a deletxon of E3 sequences from 28133 to 30818 bp 
AdSPaci was made by cotransfection of 293 cells with two 

" i 21) ; WhiCh * ^ Cl0ain9 «** i8 substituted 
"rfl " ^ ° f ^ (F±ff * 1A) ' Purified 

viral DNA from AdSPaci was digested with Clal and Xbal 
and was cotransfected into 293 cells with another 
plasmid. PWE3 (Bautista. ».... ^ Graham , p L 
-ne »1- M .>. to yield the virus AdBHG £ g [ 

™ OB1 " ea PHR322 plasmxd at bp 1339. 
desxgned so that the naclca»H n « »« , ' 
« a later erase. Pa=ka9in9 8i ^= «»" >* dieted 

The next etep involved the generation of a 
bacterial plasmid containing the entire AdBHG genome and 
subsequent identification of Infectious clones. Baby rat 
"Ktaey (BR*) cells were infected with AdBHG under 
^ions previously shown to result in the generation 
of circular Ads genon.es. Graham f.l., 1984, EHBO J. 3. 

21' 2 TJ EUbea ' M " s - «"* *»»-.. 

n» was extracted fran the infected BMC cells and used to 
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transform <E\ coli strain HMS 174 to ampicillin (Ap r ) and 
tetracycline resistance (Tet r ) . Prom two experiments a 
total of 104 colonies were obtained. Small scale 
plasmid preparations were screened by H i n rt T I and 
S BaraHI/Smal digestion and gel electrophoresis. The 

results of the restriction analysis revealed that the 
plasmids varied in the amount of the viral genome which 
they contained. This is believed to be due, at least in 
part, to the formation of a 206 bp palindrome when the 
10 inverted terminal repeats (ITR's) of the AdS genome are 
joined head to tail (the junction). 

From the restriction analysis four candidate 
plasmids were selected that appeared to posses a complete 
AdBHG genome with intact junction regions. All four 
15 plasmids were found to be infectious in inf ectivity 

assays in which 293 cells were transfected with S or 10 
pg of plasmid DNA (data not shown) . 

The ITR junctions in each of the infectious 
clones were sequenced and analyzed. The number of 
20 nucleotides missing from the mid point of the palindrome 
in each clone varied from as few as 4 bp (1 bp from the 
right ITR and 3 bp from the left) to as many as 19 bp (1 
bp from the right ITR and 18 bp from the left) . For 
further work we chose the clone missing 19 bp from the 
25 j unction and" Called - thi"s""pBHG9~ 

pBHGlO was generated by deleting the packaging 
signals in pBHG9 * This was accomplished by partial BaraHI 
digestion and religation (Fig. IB) . Screening for pBHGlO 
was facilitated by the fact that removal of the packaging 
30 signals also resulted in the elimination of the Tet r gene. 
pBHGlO contains Ad5 DNA sequences from bp 19 (left 
genomic end) to bp 188; bp 1339 to 28133; and bp 30818 to 
35934 (right genomic end) . The left and right termini of 
the Ad5 genomes are covalently joined. A segment of 
35 plasmid pBR322, representing nucleotides 375-1/4361-2064 
of the pBR322 genome, which includes the pBR322 origin of 
replication and the pBR322 ampicillin resistance gene, is 
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Example 2: 



present between AdS bp 188 and 1339 t-„ =»n~ 
of BHwriA ■« v> t0 allow Propagation 

of pBHGlo in host cells such as £. aoli. A Pad 

restriction enzyme site, unique in this plasmid, is 

™* bet r eSa bp 28133 ~* * 30818 to permit 
insertion of foreign genes. Because the packaging 
signal is deleted, pBHGlO by itself does not yield 

JllTl T 3 V±ral Particles ' Cotransfections of pBHGlO 
with helper plasmids containing the left end of Ids 

reco^i";. 1 " 1 ^ 119 ^ Si *^< yi^ds through 

lllT^ t Tr ^ h ° St CC11 viral vectors 

^an efficiency comparable to that obtained using 

Additional alteration to pBHGlo x 

Since for some applications it may be desirable 
to generate Ad vectors with intact wild type e 3 

P ™:~ we :r introduced wiid typ « » 

of a pl^f d firSt ° tep construction 

The J 9Sae ^ SimPlity -to pBHGlO. 

/f _, . ^ 011 -*B592 xn AdS sequences 

w the X. coii .train uaed) ^ lisat;ea 
Rested piano (Lee, f.. i 9 82, ra.D. Thesis Mafiia.r 
30 ^ve« ity . Hamilton, Ontario. ^J^J^ 



M^fti^r 1 ^?? S"" 1 us9ful «« rescue of 
it tai^iS^/SffgS'S virus. 
35 deletion. McSrorvw j »f?.f e ? lon - nor a useful » 
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sequences and the Ap r gene, pFG23AK was digested with 
Aflll and ligated, generating pFG23K. 

The next step Involved insertion of E3 
sequences back into pBHGlO in the correct orientation 
5 (Fig. 2B) • pBHGlO was digested with Spel, which cuts 

only at 75.4 mu in Ad5 sequences, and ligated with pFG23K 
which had been linearized with Spel, generating pBHGlOA 
which now contains the desired wild type E3 sequences in 
tandem with the previous £3 region containing the 2 • 69 kb 
10 deletion. To remove repeated sequences, pBHGlOA was 
partially digested with Mdel and religated, generating 
pBHGlOB. In the final step the Kn r segment was removed 
from pBHGlOB by partial Xbal digestion and religation, 
generating pBHGE3 . Except for the presence of a wild 
15 type E3 region, pBHGE3 is identical to pBHGlO, and is 
equally efficient for generation of Ad vectors with El 
substitution by cotrans feet ion. 

Our analysis of the sequences in the E3 region 
of Ad5 led us to believe it might be possible to expand 
20 the 2,69 leb deletion present in pBHGlO to 3.13 kb. By 
utilising the technique of polymerase chain reaction 
(PCR) and following a strategy very similar to that 
described above for the construction of pBHGE3 (Fig. 2), 
we created a 3.13 kb E3 deletion and introduced it into 
pBHGlO . The Resulting plMmid" pBHGll is identical to 
pBHGlO except for an expanded E3 deletion which removes 
sequences from 27865 to 30995 bp. Like pBHGlO, pBHGll 
contains a unique Pad restriction enzyme site in place 
of the deleted E3 sequences to permit insertion of 
foreign genes. 

Example 3: Construction of El shuttle plasmids for 
use in cotransfections with pBEG vectors 

Plasmids pBHGlO, pBHGll and pBHGE3 were 

designed so that they would contain all the essential Ad5 

sequences required to produce infectious virus upon 

transfection of 293 cells except for the packaging signal 

(194-3S8 bp) needed to encapsidate viral DNA into viral 
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pBHGll iS pBHGE3 ITTT — pBHGlO, 

Lstlt f f ! dSriVativea ^rrying an insert in E3 
^11^ Cot ~»^cted into 293 C eli s wita a aecOQd 
plasa^d containing left end < Bl > virai fiequences 
S including the packing ag 

required a plasmid with the latest possible El LeTiol 
for co-transf*ctions with the BUG plasmids. aelet:XOn 

10 M . • °" r analysis of El sequences revealed that a 
10 deletion of approximately 3.2 to cauld be cre J^ * 

and an Afi XI aite at 3S33 ^ (pig _ ^ 
does not interfere with the TTR fi-io 3 k„i 

core packing signal U*4- 35 TU, " c^L^aT^ 1 
15 for Drof^'n T ^ . Pi or coain 9T sequences 

"I t* II „ f f ^ Pr ° CeiD " P«°»t.r. Wile this 

essenti.1 ^ ^ " P1 t,lndi, ' a 6iCe is eh ~9»* *° »• 

Vales lb , f I" ° L.E. and 

vales. L.D.. i 991 . rlxol . S5: S9e . 605) it 

TATA box (Pi9 . X 1 bP «*« * " «» Protein XX 

To assess the effect of the 3 2 kb bi 

~ reincr r ccion ° f the ~ sice^ r eexon 

30 ^c^/™"*? 11 "•«— *- * W»pr.cipicatio». 

cent! " 10 fFt """ 1th viruses 

contain^ either no deletion in E1 ivild type Ms, , a 

t^ , i'i 1 " 3-2 te deleti0n descr ^ above ,,,170-3) 
the 3.2 fcb deletion containing the HGMV (AdHCMV2) or 8- 
« Actin UdpAct*. probers in the « antlparai^ 

(AdHCWsp!, or J-Actin (AdSActspi) promoters with the 
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reintroduced spi binding sice. After labelling with 
I"S] -methionine cell extracts were harvested, samples 
were immunoprecipitated with anti Ad2 protein IX 
antibodies and run on a 12% SDS PAGE gel- The results 
5 (Fig- 5) indicate that variable levels of protein XX were 
expressed depending on the sequences upstream from the 
protein IX gene but with the spl site present there was 
at most a 25* reduction compared to wild type AdS. 

Because protein IX is known to affect the heat 

10 stability of virus particles we examined the heat 

stability of wild type Ad5 compared to dl3l3, dl70-3, 
AdHCMV2, AdpAct2, AdHCMVspl and AdJJActSpl. Stocks of 
these viruses were titered prior to and after incubation 
at 45 °C for 1 and 2 hours. Of the six viral mutants 

15 tested only dl3i3 differed significantly in heat lability 
from wild type (Pig. 6). Bven AdpAct2, which produces 
only 16% of wild type levels of protein IX (Fig. S) was 
as resistant to heat inactivation as was wild type virus. 
This indicates that Protein IX is likely made in excess 

2 0 during viral infection. We have also found that viruses 
containing the 3.2 kb El deletion replicate in 293 cells 
to the same final titers as wild type Ad5 (data not 
shown) . 

With the verification that the growth 

25 charact rer is t ires - and~s tability ™of viruses" wit h~ the ~3^ 2- kb — 

£1 deletion were not affected it was decided to 
incorporate this deletion into plasmids pAKlsplA and 
. pAElsplB for use in cotransf ections with the BHG pla sm ids 
(Fig. 4) . These plasmids contain various restriction 
30 sites to facilitate the insertion of foreign genes. 

The invention also includes a vector that 
includes a fragment or fragments of plasmid pBR322 which 
includes both an ampicillin resistance and the pBR322 
origin of replication (which enables said vector to be 
35 replicated in cells wherein pBR322 is capable of being 
replicated) t and an insert between early region 4 (E4) 
and the right inverted terminal repeat, and a deletion of 
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El sequences from position 188 to or near the Afln 
sequence at position 3533. ^ cloaiag fiites 
xnsernion or a foreign nucleic acid. 

Testing t*. efficiency and capacity or t*. pBHG vectors. 

To assess the ability of the BUG plasmids to 
generate infectious viral vectors, cotransf ection^th 

ZcZ tlT PlaSWidS ^ P « f °— d — * was flL 
chat the efficiency of rescue was comparable to that 
obtained with pJMi7 (data not shown) . 

H .. h „ fc USfi ° f P^ 3 ' PBHG10 or pSHGll combined 

S^J-!J1!^ — «*— ~ -cue of 



10 



•t xr — — — fciULLc rescue of 

IS aS ^ VeCCOrB - 0rd ° r to t ~ t ">« «*=<=4 of c£ 
ofcha Xao Z geae driven by che hunum ^Ucvi™ 

r:: ^n^r ^r. 81,40 — - «- 

20 20-60 mm H< «k . Following cotransf ection of 

60 am dialies of 293 cells -in ^ 

J tc<Lls ' 10 wick 5 ug each of oBwrst n 
and pHlacZoBR and the other half with xo » 3 of elch ^e 
plaque was obtained. This was la M.. ^ 
analyzed by restrict^ iSOlated < -sanded, 

have the Tf geSC With i****" and found to 

have the expected restriction pattern. The isolate 

2S designated AdHlacZqBR va« ^„„^ Ce 

HSV-l — , -^aczgBR was found to express both lac2 and 

v^tLf r 8 COD5)arable *> that obtained with 
vectors containing single insert* ~* -u 

not shown) . theSe 9enes (data 
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E»«Ple 4: Additional shuttle plasmids 

««... A ShU " le VeCt ° r ' pMS ' 4 ' **** in the 

the LTr.° f " dOUblE recanb ^ containing lacZ in 
the E3 deletion and firefly luciferase in the El 

deletion. The construction of this vector further 
illustrates the use of the shuttle vectors as well as 
double recombinants. 

The strategy tor the construction of this 
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vector is presented in Fig. 8. First the lacZ gene with 
the SV40 poly A signal was inserted between the Sail and 
Xbal sites in the cloning region of pABS.4, generacing 
pABSLacZ. Fig. 8A. In the next step pABSLacZ was 
5 digested with Pad and BstBI generating a fragment 

containing the LacZ gene and the Kanamycin resistance 
gene (Kan*) . This fragment was then inserted between the 
Pad and BstBI sites of pAdBHG.28, in the E3 parallel 
orientation, generating pAdBHGLacZK. Because double 
10 antibiotic selection was used, screening for the desired 
plasmid containing the lacZ insert was trivial. Finally 
pAdBHGLacZK was digested in Swal co remove the Kan 1 gene 
generating pAdBHGLacZ. pAdBHGLacZ are grown and used in 
cotransfection with pCAlS, a plasmid containing Ad5 left 
15 end sequences with firefly luciferase under the control 
of the human cytomegalovirus immediate early gene (HCMV) 
promoter in place of most of El. Fig. 8B. pAdBKGLacZ 
can be used in cotrans feet ions with virtually any £1 
derived construct to make vectors with a variety of 
20 combinations of lacZ in £3 and foreign gene inserts or 
mutations in El. 

We developed shuttle vectors pABS.6, pABS.7 and 
pABS.9 to simplify the introduction of inserts into the 
£3 deletion in the pAdBHG plasmids. Fig. 9. They are 
used to facilitate transfer of foreign genes into the 
pAdBHG series of plasmids as follows: gene sequences are 
inserted into either pABS.7 or pABS.9 using cloning sites 
SphI, PstI, Sail, BamHI, Kpnl, Sac I, or EcoRI. The 
shuttle plasmid is then cut with one or two combinations 
of Xbal, Pad or BstBI and the Kan containing fragment is 
inserted into the Amp* pAdBHG plasmid making use of 
Amp+Kan double resistance to select for bacterial 
transformants carrying the desired plasmid. Subsequently 
the Kan r gene is removed by digestion with ClaX or Swal 
and ligation. Finally the plasmid is "rescued" into 
infectious Ad viral vectors by cotransfection of 293 
cells with an appropriate plasmid containing El 
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sequences . 

A number of shuttle plasmids have been 
constructed that can be used for cotransf ections with 
vectors of the pGBH series. These are listed in Table I- 
see also Pig. 10 . An El shuttle plasmid having a 
packaging signal inserted between early region 4 (E4) and 
the right inverted terminal repeat cent) is specifically 
part of the subject matter of the invention. 
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Table X. Additional El Shuttle Plesmids for 
Contr&nsf ection vifcfc pBHG Vectors 



pi a a mid 



regulatory 
sequences 



net 

deletion 



cloning sites 



pXCJLl 

pXGJIi2 

10 PAElsplA 

pAElsplB 

pHCMVsplA HCMV (L) 

pHCMVsplB HCMV (L) 

pHCMVsplC HCMV ( L ) /SV4 OpA 

15 pHCMVsplD HCMV (L) /SV4 OpA 



pCA3 
pCA4 
pCA13 
pCA14 



HCMV(L)/SV40pA 
HCMV(L)/SV40pA 
HCMV(R)/SV40pA 
HCMV(R) /SV40pA 



2.B8 kb 
2.88 kb 
3.19 kb 

3.19 kb 

2.81 kb 

2.81 kb 

2.66 kb 

2.66 kb 

2.66 kb 
2.66 kb 
2.66 kb 
2.66 kb 



X-B-Xh-S-C 

C-S-Xh-B-X 

C-B-Xh-X-EV-E-H- 
S-Bg 

C-S-H-E-EV-X-Xh- 
B-Bg 

C-B-Xh-X-EV-E-H- 
S 

C-S-H-E-EV-X-Xh- 
B 



C- 

s 



B-Xh-X-EV-E-H- 



C-S-H-E-EV-X-Xh- 
B 

B-Xh-X-EV-S-H-S 
S-H-E-EV-X-Xh-B 
S-H-E-EV-X-Xh-B 
B-Xh-X-EV-E-H-S 



20 



25 



pBActSplA 
pBActsplB 
pCAl 
pCA2 

pMLPsplA 



pActin(L) 1.74 kb C- 

pActin(L) 1.74 kb C- 

pActin<L)/SV40pA 1.58 kb S- 

pActin(L)/SV40pA 1.58 kb B- 

MLP(R) 2.23 kb B- 



B-X-EV-E-H-S 

S-H-E-EV-X-B 

H-E-EV-X-B 

X-EV-E-H-S 

X-EV-E-H-S-Bg 



X: Xbal, B: BamHI, Xhi XhOI, Si Sail, C: Clal, KVs EcoRV, E; EcoRI, 
H: Hindlll, Bg: BglXZ 
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10 



IS 



The above described experimental methods are not 
intended to be limiting. Those skilled in the art will 
appreciate that a variety of methods may be used to 
introduce vectors into the cells of target tissues (for 
example, liver tumors might be treated by infusing the 
affected liver via the portal vein with vectors of the 
kind described and/or claimed herein and in the parent 
applications) . m addition, the invention contemplates 
the use of vectors containing foreign nucleic acids that 
encode molecules that may be useful to treat diseases, 
such as antisense RHA, tissue growth factors such as GM- 
CSP. molecules that trigger differentiation, molecules 
that induce apoptosis, etc. Finally, a person skilled in 
the art will appreciate that the methods of this 
invention can be used to treat animals other than mice 
and humans. 
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WHAT IS CIATMED IS: 

1. A vector system, comprising: 

(a) a first plaamid having a modified adenovirus 
genome 

(i) having a modification within early region 
1 (El) of said genome that (1) renders the 
vector unable to form viable viral 
particles in host cells that do not 
complement said El modification and (2) 
does not inactivate sequences that are 
essential for viral genome replication, 
and (3) renders said first plasmid unable 
to be encapsidated into a viral particle; 
and 

(ii) a fragment or fragments of a bacterial 
plasmid which encode an antibiotic 
resistance and include the plasmid' s 
origin of replication and other sequences 
necessary to allow the vector to be 
replicated in cells wherein the bacterial 
plasmid is capable of being replicated; 
and 

(b) a second plasmid that serves as an El shuttle 
plasmid , compr is ing ; 



(i) a fragment or fragments of a bacterial 
plasmid which encode an antibiotic 
resistance and include the plasmid* s 
origin of replication and other sequences 
necessary to allow the vector to be 
replicated in cells wherein the bacterial 
plasmid is capable of being replicated, 
and 

(ii) a sequence derived from an Ad El region, 
and 

(iii) optionally, a foreign nucleic acid spliced 
within said sequence derived from an Ad El 
region, 



SUBSTITUTE SHEET (RULE 26) 



WO 95/00653 



PCT/CA94/00364 



29 

(O wherein said f iret ^ second plaamids are 

capable of recombining to produce a recombinant: 
modified adenovirus genozne than ia capable of 
being packaged into viral particles, and that 
contains the foreign nucleic acid that is 
optionally spliced within the El region of the 
second plasmid. 

firSt Plaamid ^cording to claim i. wherein the 
modified adenovirus genome is derive ' ^ 
adenovirus 5 (AdS) ^ the gen0me of 

3- A first plasmid according to claim x wherein 
modification in El i« a * i ' wUereia s *id 

region. **«ti« that, comprises the ElA 

deleted^ t0 c1 *^ L "herein the 

deleted El region spans nucleotides 188 to 1339. 

L A first Plasmid according to claim 1. wherein the 

aT^L-LT apaM — " B - - 

sit. « £ ^T.^ laS,0ia * cooniia * <=° 1 "herein an SapI 

!f" " 3525 that ,„ a^.^ fra< P 

plaa^d „ r. iBtro duo« S by inserting a synthetic 
oligonucleotide that includes an sspl ei«. 

7^ A fine plasmid according eo claim i. * erein th . E1 
aodification that rend.™ the first pUs»id unable to 

°™1 Vir " 9aXUCl " 18 =°»P1— «i by tt. viral 
El sequences expressed by 293 cells. 

8- A first plasmid according to claim 1, further 

said B3 deletion does not inhibit the expression of 
sequences necessary for viral replication, packaging, 
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viability/ or infectivity. 

9. A first plasmid according to claim 8, wherein the E3 
deletion comprises positions 27865-30995 of the AdS 
genome. 

10. A first plasmid according to claim 1, comprising a 
fragment or fragments of bacterial plasmid pBR322 which 
encodes an ampicillin resistance, and also a pBR322 
origin of replication which enables said first plasmid to 
be replicated in cells wherein pBR322 is capable of being 
replicated. 

11. A first plasmid according to claim 1 wherein said 
plasmid fragment or fragments of section 1(a) (11) are 
inserted at a location selected from the group of 
locations that consists of: a location between early 
region 4 (E4) and the right inverted terminal repeat 
(ITR) ; a location within early region -4; and a location 
wherein sequences spanning E4 are deleted and substituted 
with said plasmid fragment or fragments. 

12. A first plasmid according to claim l, wherein said 
first plasmid further comprises cloning sites for the 
insertion of™^nuclei"c~MWn^BquCTC^ 

13. A recombinant modified viral genome according to 
claim 1, comprising the approximate 340 left end base 
pairs of the adenovirus type 5 genome, said vector 
further comprising the left end inverted terminal repeat 
sequences of said genome and the packaging signal 
sequences thereof, said vector comprising also a 
eucaryotic gene sequence of up to about 8 kilobases 
foreign to said vector and to said viral genome, and 
wherein additional adenovirus sequence from approximately 
nucleotide position 3540 thereof to approximately 
position 5790 thereof is present on the right side of 
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said foreign sequence. 



c^aim x 11 n, ° di£ied ^ 9ea ° me —rding to 

claim comprising an adenoviral genome Wing a 

deletion in the group of sequences that consist of the El 

233 cells Into ! r* ° f ^ Wka ^ d 

293 cells into a viral particle that is capable of 

infecting host cells and of supporting the stable 

expression of a nucleic acid ligated into the modified 

said fT** ^ Sa±d Viral and of JUess^g 

tLJLl iXa \* laMmiA aCC ° rdiag t0 clai » 1. comprising a 
fragment or fragments of bacterial plasmid pBS322 which 
encodes an ampicillin resistance and also a pBR3 22 orx^in 
of replxcatxon which enables said vector to be replicated 

^::ii a sZr iR pbr322 is ~ ~ — -p"^ 

T^t h r ^ 18 fUrthCr ^ contain an 

Bi nJT epeat ' Which vector further has a deletion of 
El sequences frOT position 188 to or near the Aflix 

acid. insertion of a foreign nucleic 

«- A plasmid that comprises a modified AdS genome 
selected from the group of vectors that consists of i 
PBHGE3. pBHGS, pBHGlO, pBHGlOA., pBHGlOB and pBHGll. 

dL *! f ShUttle PlaSaid thaC C0 »P^« a sequence 
derxved from the AdS El region, including an 
encapsidation sigaal< capable of ^ coatranfifeeted 
xnto a host cell together with a vector according to 
claim 1, into which plasmid may optionally be inserted a 
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foreign nucleic acid that comprises an open reading frame 
and, optionally, sequences that regulate the expression 
of said open reading frame, wherein said sequence derived 
from the AdS El region which optionally contains said 
foreign nucleic acid is capable of recombining with a 
vector according to claim l. 

18. An El shuttle plasmid according to claim 17 selected 
from the group consisting of pAElsplA and pAElsplB. 

19. An El shuttle plasmid according to claim 17 selected 
from the group consisting of pHCMVsplA, pHCMVsplB, 
pHCMVsplC, and pHCMVsplD- 

20. An El shuttle plasmid according to claim 17 selected 
from the group consisting of pABS.4, pABS.6, pABS,7, and 
pABS.9. 

21. An El shuttle plasmid according to claim 17 selected 
from the group consisting of pXCJIil, pXOXL2, PCA1, pCA2, 
PCA3, pCA4, pCA13, pCA14 . 

22. An El shuttle plasmid according to claim 17 having a 
packaging signal inserted between early region 4 {E4) and 
the-right-inverted-texminal~repeat-(XTR) 

23. A method for introducing and expressing a foreign 
nucleic acid in a host cell, comprising: . 

(a) introducing 

(i) a first plasmid comprising a modified 
adenovirus genome which comprises (a) a 
modification within early region 1 (El) 
that renders the plasmid unable to form 
viable viral particles in host cells that 
do not complement said El modification, 

does not inactivate sequences that are 
essential for viral genome replication, 
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and renders said vector unable to be 
encapsidated into a viral particle; and 
(b) optionally, a fragment or fragments of 
a bacterial plasmid which encode an 
antibiotic resistance and include the 
Plasmid* s origin of replication and other 
sequences necessary to allow the vector to 
be replicated in cells wherein the plasmid 
is capable of being replicated; and 
an El shuttle plasmid that contains a 
sequence derived from an Ad El region, 
including an encapsidation signal, into 
which is optionally inserted a nucleic 
acid sequence that comprises an open 
reading frame and, optionally, sequences 
that regulate the expression of said open 
reading frame, 

into a host cell that expresses functions 
encoded by the El sequence that have been 
deleted from the first plasmid in 
23 (a) (i) ; 

and 

isolating a recombinant viral genome wherein 
the first plasmid described in section 23(a) (i) 
has recombined with the the U shuttle plasmid 
in section (a) (ii, to yield a recombinant 
modified viral genome containing all the 
elements of the first plasmid plus the 
encapsidation signal and the inserted nucleic 
acid sequence of the El shuttle plasmid, 
introducing said recombinant modified viral 
genome into a host cell, 

expressing the coding sequences contained in 
said modified recombinant viral genome. 



24. A method according to claim 23 , wherein said 
recombinant viral genome is packaged into a recombinant 
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viral particle that is capable of infecting cells which 
can be infected by the adenovirus from which the modified 
adenovirus genome was originally derived. 

25 • A method according to claim 23, wherein said 
modified adenovirus genome was originally derived from 
adenovirus 5 . 



26. A method according to claim 23, wherein said vector 
having an El deletion is introduced into said tumor cells 
together with an adenoviral particle having an intact El 
region, wherein said adenoviral particle having an intact 
El region is capable of complementing the replication of 
said vector having an El deletion. 
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